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Observa t ims  by rzcans of t u f t s  have been made o f  the 
a i r  f l o w  around a ; , :art in ?Rf\I-3 f iyfn;  boa t .  These ob- 
s e rva t lons  a r e  ? a r t  of an analgsjs be ing  con$ucted  by the  
I X C h  f o r  t h e  Rui-eau o f  k & r o m u t i c s  t o  a i d  I n  the  deterxzi-  
n a t i o n  o f  poss ib l e  methods of reducing the  air drzg o f  t h i s  
a i r p l a n e .  The behavior OT t h e  t u f t s  on the hull and t i p  
f l o a t s  a t  v a i 7 i o ~ ~ s  a i rF lane  speeds  has heen recorded by 
plane;  t u f t s  on the  wing, nace l les ,  r ada r  f a i r i n g ,  and 
grin t u r r e t s  were cbserved hut  not  photoGraphed. 
The i n v e s t i g a t i o n  vias mc?e on the  Martin P3EI-3 
, 
(no. 6457) f l y f n g  boa t  a t  t h e  Xaval A i r  S t a t i o n ,  
Norfolk, Va. (7ee ftg. 1.) I S a t i n  ribbons 1/2 inch 
wide and 4 2  Fnches lonl”, wei-e a t t ached  t o  the  airpl .ane 
bjith water2roof ccrient and were s r ranged  i n  rows p a r a l l e l  
1 
1 
to t h e  base plano of t h e  hull .  The t u f t s  w r e  a t t ached  
t o  bo th  s i d e s  of: the  h u l l  and on the  bot ton ,  the  l e f t  t i p  
f l o a t ,  t he  radar f a i r i n g ,  t k e  engine nace l l e s ,  and the  
c e n t e r  s ec t ion  of the  wing. The space between t h e  t u f t s  
v a r i e d  f r o m  6 t o  24 inches.  
S t i l l  p i c h i r e s  vore made o f  the a i r p l a n e  i n  the  fol- 
lowing, condi t ions:  
I 1.02 / 116 67 
94 
w 48 
1636 ' i 0 33 
t 
Notion p i c t u r e s  were also nade a t  these conditio:is arid. a 
copy i s  included as 2 c - t  of  t h i s  r epor t .  
IImUL'?S A m  PISCTTS c1O:I 
Photop-aphs sLowing t h e  a l h c m e n t  o f  the  t u f t z  on the 
hull and t i p  f l o a t s  o f  the P'r5FI-3 f l g i i i y  boat  a t  the  various 
a i r speeds  i n v e s t i g a t e d  a r e  gTven i n  f i f u r e s  E t o  9 .  & c a113 e 
2 3 -  s oA' ~ I C  ~ ~ b ~ , i ~ ~ > i i S  c?; i:ot c!..GL?- , p a r t  of t a e  following 
d i scuss ion  i s  based on v i s u a l  observa t ior~s  of t'ie motion 
of  t h e  t u f t s .  
A t  all airspeeds,  the c rors  f l o r  over t'?e sh9r-p fore- 
body chine r e s u l t e d  i n  flow separation j u s t  Q ~ O V ~  t h e  
chine l i n e  which caused tvie tufts i n  th i s  r cc ion  t o  s t and  
away from t he  hull. T h e  violence o f  tine sepa ra t ion  was 
g r e a t e s t  a t  the low a i r speeds  and the  region inf luenced  by 
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t he  sepa ra t ion  extended f a r t h e r  back alorrg the s icks  o f  t h e  
h:ill. The tL-Lfts above t h e  chine,  for scme d i s t m c e  :?el:l,iJL 
tile s e p w a t e d  regton, were defler,i;ed d ~ ~ ~ T i V J ~ i - d  by tLe In- 
duced v e l o c i t y  r e s u l t i n g  f T m  the  vor tex  Eot ion o v e r  fke 
sharp sh ine .  The severe se;?aratlon occi;.rrLng a t  low 
a i r speeds  exnlains  I n  ?,art Hie h T @  d r q s  measured on 
f lyfng-fJoat  I i i - ~ l l s  at l a r g e  a q ; l e s  cf actack. 
Above t h e  c2iir-e z1011g f;:.?.~ s i c k c  of t he  hrll, t h e  
f l c v ~  was pei1ei'811:T pa ra l l  e l  LO the  c l i r c c t i o i i  o f  i?!.:pht. 
The e f f c c t  o f  t h e  v15c.e ir; def1ectk:g tths flo. . :  $?- fer  t h e  hull 
i r ,  plafn!_y evident i n  L ' i C w e  2.  5 5 s  f l c w  3':;eT t h e  t a l l  
extc.r)Sion, at a.3 ~ i r s y e o c ? .  o f  94 h n t s  (f%gv Z),  as smooth 
and ~2n;-lg p a r s l l e l  t o  t h e  S a e e  l t f i e ;  n:; Fepzr .a t ion vas 
appereni; i n  t-?is rngi9n. ;??!e flow aml-rAu tile s t e r n  nos  t 
wis a f r c c t c d  t o  a lary;e exter!t by the scpai?aLi.oii s.t the 
v e r t i c a l  s t e p  on t h e  siees of t h e  a f te rbody.  131331hd the  
main s t e p ,  turbulence extended a f t  ,Gapproximtoly 10 f e e t ;  
f roci  t h i s  p o i n t  t o  the s t e r n  pos t ,  the  flow nlong t h e  
'oottcrn o f  t he  hull was smooth. 
The f l o w  over the s t a r b o a r d  s i d e  ol" the hull vms 
g e n e r a l l y  simil.ar t o  that o h s e r v e d  on the  por5 s ide .  
(Cf. f i g s .  2 t o  4 . )  
Increas ing  the a i r speed  f s o m  94 t o  116 kncts caused 
only s l i g h t  ciianges i n  thc  flow over the  hu l l ,  as n a y  be  
seen by comparin'g f:pures 2 and 5 .  n' irie m , g l e  between t h e  
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r e l a t i v e  wind and the h u l l  was decreased approxina te lg  so, 
and the  t u f t s  over riost of  the  h u l l  t he re fo re  l i e  nore 
. 
I 
I n e a r l y  p a r a l l e l  t o  the  base l i ne  a t  t h e  h igher  a i r speed .  
Sirnl1.a~ m a l l  changes i:i d i r ec t ion  o f  flow vere  na ted  when 
the  speed w a s  incrensed  f r a o ~  116 t o  137 knots .  (See 
I f i g s .  6 and 7 . )  
A t  166 knots  ( t h e  high-speed a t t i t u d e )  the  flow a l m g  
the  s i d e s  of the k u l l  w a ~  ; . r c ? l l c l  t o  the  basc l i n e  ( f i g s .  8 
I .  
and 9 ) .  T h e  i n c l i n a t i o ~  of the tufts a long  tile f0rebod.j 
chine i n d i c a t e s  an apprec iab le  reduct ion  i n  CI'OCS f l o w  o v e r  
t h i s  corner  . Turbulence behind the main s t ep ,  however, 9 
appeared t o  extend soriewiiat f a r t h e r  a f t  a t  t h i s  speed than 
f o r  t h e  lower speeds. 
%'he e f f  eszt c f  changes i n  f l<-g?i t  speed and a t t i  tude upon 
the  f l o w  over  the wing-tip f l o a t s  i s  SIioTfiriI I n  i'if_rures 2 ,  5, 
6 ,  and 8. A t  94 knots  the  t u f t s  on the  bot to in  o f  the  
f l o a t  i n d i c a t e d  a s t ronc  i'!.ow toward the  c h i n e ;  the  $lifts  
j u s t  above the  ch ine  were steady and appeared t o  stancl away 
from the  sur face ,  aga in  ind ica t i r<g  a .?trong vor tex  i n  t h i s  
reg ion .  The c r o s s  f l o w  WRS s t l l l  p resent  a t  1G6 knots ,  
a l though i t  was l e s s  pronounced than  a t  the  lone:- s2eeds. 
The flow over  the  aftE:r50?L;r of  tfie f l z a t  and belzind. the  
s t r u t  f i t t i n g s .  was tu rbulen t  a t  all speeds; however,  the  
turbulence  decreased a t  higher  sFeeds . 
. 
' t  
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The t u f t s  behind the  nose t u r r e t  i n d i c a t e d  s l i g h t  
turbulence ahead of  tFe windshield a t  a11 a i r speeds .  
3ehind the  deck t u r r e t  the t u f t s  o s c i l l a t e d  cont inuously 
through an angle  o f  approxiniately 30 , showing severe 
turbulence i n  t%.s region. 
0 
Over the r ada r  f a i r i n g  the flow was genera1l.y smooth; 
t u f t s  i n  the  last; two col~url2cls, however, were s l i g h t l y  
unsteady. 
the h u l l  a f t  of the r ada r  i n s t a l l a t i o n .  
ri'urbixlenee was n l s o  apparent along the  top  o f  
The flow over  the  afterbody of  the n a c e l l e  was always 
rough. This tupbulence may kiave been caused i n  a l a r g e  
measure by th& p o s i t i o n  of  the cowl f h p s  which were 
p a r t i a l l y  open d u r i I y  the e z t i r e  t e s t s .  A t  t he  lower 
speeds the flcw over t h o  q p e r  su r f ace  of the  a f te rbody o f  
t h e  nace l l e  W ~ P  unsteady, but no sepa ra t ion  i n  th i s  region 
was ind fca t ed  a t  any speed. 
S'U'lSTkRY O F  ILRS'JLTS 
~ 
i 
r 
1. The a i r  f l o w  over the h u l l  was gene ra l ly  parallel 
t o  t h e  d i r e c t i o n  of' f l i g h t .  
2. pis a r e s u l t  o f  the c r o s s  flow over the sharp 
farebody chine,  f l o w  se;?ariztior, occurred above the chine 
which caused the t u f t s  i n  this  res ion  t o  s tand  away f r o m  the 
sur face .  Tile violeiTce o f  the sepa ra t ion  was g r e a t e s t  a t  
low a i r speeds .  
I 
I -  
\ 
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3. A f l o w  se9aratioiz sirnilar t o  t h a t  Over  t h e  h u l l  
occurred above the chiqe on t h e  t i 9  float. 
t i o n  a l s o  occnrreci t eh inZ the  s t e p  on the  t i p  f l o a t  a t  
all f l i g h t  speeds.  
FIOW separa- 
4. F l o a  sepai.ation occurred on t h e  hottom o f  t he  h u l l  
for approximately 10 f e e t  b e h h d  the  xafn s t e p .  
of  t he  r e g i x i  of  separaticn vaz ? r e a t e -  a t  tine hil-rh-syeea 
condi t ion .  
scsps o n  the  F."des cf thc  afterhad;-. 
!We l e n g t h  
The f low YTUR a130 d i 3 t u - S e d  beiitrlcl the v e r t i c a l  
5 .  ' 3 e  fio-,v r'as "iil:bulent o v e r  t b c  enyi r ;e  nacslles, 
ahead of the wlndsi,ield, a ro-md tile juncture of' t'rlc rsrlar 
f e l r i n q ,  behine t h e  to? turret, and behind tlie t i , ) - f loa t  
strilt  j u . r c t  i r e s .  
. 
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